Central serotonergic (5-HT) activity has long been implicated in the regulation of impulsive aggressive behavior. This study was performed to use a highly selective agent for 5-HT (d-Fenfluramine, d-FEN) in a large group of human subjects to further explore this relationship dimensionally and categorically. One hundred and fifty healthy subjects (100 with personality disorder, PD and 50 healthy volunteer controls, HV) underwent d-FEN challenge studies. Residual peak delta prolactin (DPRL[d-FEN]-R; ie, after the removal of potentially confounding variables) was used as the primary 5-HT response variable. Composite measures of aggression and impulsivity were used as dimensional measures, and history of suicidal/self-injurious behavior as well as the presence of intermittent explosive disorder (IED) were used as categorical variables. DPRL[d-FEN]-R responses correlated inversely with composite aggression, but not composite impulsivity, in all subjects and in males and females examined separately. The correlation with composite aggression was strongest in male PD subjects. DPRL [d-FEN]-R values were reduced in PD subjects with a history of suicidal behavior but not, selfinjurious behavior. DPRL [d-FEN]-R values were also reduced in patients meeting Research Criteria for IED. Physiologic responses to 5-HT stimulation are reduced as a function of aggression (but not generalized impulsivity) in human subjects. The same is true for personality disordered subjects with a history of suicidal, but not self-injurious, behavior and for subjects with a diagnosis of IED by research criteria. These data have particular relevance to the notion of impulsive aggression and the biological validity of IED.
INTRODUCTION
The hypothesis that serotonin (5-HT) modulates impulsive aggressive behavior in humans has been in the literature since the late 1970s (Asberg et al, 1976; Brown et al, 1979; Sheard et al, 1976) . Data from studies of cerebrospinal fluid 5-hydroxy-indolacetic acid (CSF 5-HIAA), the major, stable metabolite of neuronal 5-HT (in alcoholic males (Limson et al, 1991) , behaviorally disruptive male children and adolescents (Kruesi et al, 1990) , rhesus monkeys (Higley et al, 1992) and pigtailed macaques (Westergaard et al, 1999) ), frequently, though not always, demonstrate inverse correlations between CSF 5-HIAA and measures of aggression and suicidal behavior. Reduction of CSF 5-HIAA concentrations in impulsive violent offenders (Linnoila et al, 1983) , and impulsive arsonists (Virkkunen et al, 1987) suggests that the relationship is specific to impulsivity. However, closer analysis of the impulsive arsonist group reveals that this group is quite aggressive as well (eg, similar rates of intermittent explosive disorder (IED) and history of suicide attempts (Coccaro and Siever, 2002) . Accordingly, it may be more parsimonious to posit that the relationship between 5-HT and aggression and impulsivity is actually a relationship with impulsive aggression rather than a relationship with either behavioral trait alone. Lack of an inverse relationship between CSF 5-HIAA concentrations and aggression has been reported in personality disordered subjects (eg, Coccaro et al, 1997a, b) . It is of note, however, that inverse correlations between hormonal responses to 5-HT pharmaco-challenge and aggression were noted in two separate studies when no such relationship was seen with CSF 5-HIAA concentrations (Coccaro et al, 1997a, b) . Differences in these results are likely because of differences in the severity of aggression in the subjects (ie, very aggressive vs moderately aggressive) and the nature of the subjects (ie, drawn from forensic populations vs community/clinical populations). Furthermore, these differences suggest that physiologic responses to 5-HT pharmaco-challenge may be more sensitive to detecting a relationship between central 5-HT and aggression than CSF 5-HIAA concentrations.
Studies of 5-HT pharmaco-challenge also demonstrate inverse correlations between the 5-HT-mediated outcome measure and aggression and/or impulsivity in most cases (Coccaro and Siever, 2002) . We have reported inverse correlations between irritability and assault on the BussDurkee Hostility Inventory (BDHI) and the PRL response to d,l-Fenfluramine challenge (PRL [d,l-FEN] ) in a small group of personality disordered males (Coccaro et al, 1989) . This study also noted a reduction in PRL [d,l-FEN] responses in the subjects with a history of a suicide attempt, with life history of alcoholism, and with Borderline Personality Disorder (BPD). Further analysis noted that the core relationship between PRL[d,l-FEN] and BDHI irritability/ assault accounted for all the differences between subjects who had and did not have a history of a suicide attempt, or alcoholism, or BPD. Support for these findings has been reported in many, although not all (Fishbein et al, 1989; Stoff et al, 1992; Halperin et al, 1994; Pine et al, 1997) , studies including those of personality disordered subjects (New et al, 1997 (New et al, , 2004 , suicidal subjects (Lopez-Ibor et al, 1990) , violent offenders (O'Keane et al, 1992) , HVs from the community (Manuck et al, 1998) , and in macaques (Botchin et al, 1993) .
In this study, we report on a large series of personality disordered (n ¼ 100) and healthy control (n ¼ 50) subjects who underwent a d-Fenfluramine (d-FEN) challenge. This study differs from our earlier study in several ways. First, there are five times as many patient subjects (100 vs 20). Second, the subjects were recruited from the local community rather than from a Veterans Hospital. Third, the sample includes females. Fourth, subjects were comprehensively assessed in terms of aggression and impulsivity and were also assessed for IED. Fifth, this study utilized d-FEN rather than d,l-FEN. Although PRL responses to d,l-FEN are very similar to those with d-FEN, the l-isomer in d,l-FEN has antagonistic effects on the dopaminergic system (Crunelli et al, 1980; Garattini et al, 1988) that can affect PRL release in response to neurotransmitter-mediated stimulation (Ben-Jonathan et al, 1989; Coccaro and Kavoussi, 1994) .
On the basis of previous data in the area, we tested four hypotheses. First, prolactin responses to d-FEN will correlate inversely with aggression (and with impulsivity) scores in all subjects, all male subjects, and all PD subjects. Second, prolactin responses to d-FEN would not correlate with general measures of personality. Third, prolactin responses to d-FEN will be lower among PD subjects with a history of self-directed aggression (ie, suicide attempts) compared with PD subjects without this history and compared with HC subjects. Differences in prolactin responses to d-FEN between PD and HC subjects, and between subjects with and without a history of suicide attempt, if found, would be accounted for by differences in aggression (and/or impulsivity). Fourth, prolactin responses to d-FEN will demonstrate the greatest difference among PD subjects meeting, or not meeting, integrated research criteria for IED compared with DSM-IV criteria or with other research criteria for the diagnosis of IED.
MATERIALS AND METHODS

Subjects
One hundred subjects with personality disorder (PD) and 50 healthy control volunteer (HV) subjects participated in the study. All subjects were medically healthy. PD subjects were recruited by newspaper and public service announcements seeking subjects with, and without, self-reported problems of PD. HV subjects were recruited in the same manner but with public service announcements seeking out subjects willing to participate in biological studies of personality traits. All subjects signed the informed consent document approved by the Committee for the Protection of Human Subjects (IRB) before engaging in any study procedures. Medical health of all subjects was documented by medical history, physical examination, electrocardiogram, and blood hematology, chemistry, thyroid function tests, pregnancy test, and urinalysis, including a urine screen for drugs of abuse.
Diagnostic Assessment
Axis I and Axis II diagnoses were made according to DSM-IV criteria (American Psychiatric Association, 1994) . Diagnosis of alcoholism was made by modified research diagnostic criteria as previously described (Coccaro et al, 1989 (Coccaro et al, , 1996a . Diagnosis of IED were made by DSM-IV (1994) , by research criteria (IED-R; Coccaro et al, 1998a) and by the most recently described version of research criteria for IED (IED-IR: integrated for research; Coccaro, 2003) . IED-R Criteria (Coccaro et al, 1998a) differ from DSM-IV criteria in that they require (a) 1-month (or more) period of aggressive outbursts (including verbal outbursts only, or outbursts in which property is not destroyed) occurring twice a week on average, (b) aggressive outbursts to be primarily impulsive in nature, (c) aggressive outbursts to be associated with significant subjective distress or psychosocial impairment, and that they allow for comorbid diagnoses of Borderline and/or Antisocial Personality Disorder. IED-IR criteria are the same except that they allow for an IED diagnosis if there are at least three episodes of serious assaultive or destructive behavior (even when there are not recurrent aggressive outbursts within the 1-month time frame as required by the initially proposed Research Criteria). The IED-IR criteria, thus, 'integrates' the originally proposed RESEARCH criteria with current DSM-IV criteria. The inter-rater reliability for the diagnosis of IED by DSM-IV, IED-R, or by IED-IR criteria was very good (k 40.85).
Diagnoses were made using information from the following: (a) semi-structured interviews conducted by trained masters, or doctoral, level clinicians; (b) clinical interview by a research psychiatrist; and, (c) review of all other available clinical data as previously described (Bunce et al, 2005) . Final diagnoses were assigned by team bestestimate consensus procedures as previously described (Bunce et al, 2005) .
By definition, the 50 HV subjects were free of current or lifetime history of Axis I or II disorder. The 100 PD subjects were without a life history of mania/hypomania, schizophrenia, or delusional disorder or current alcohol or drug use disorders; other Axis I disorders were not exclusionary.
Sixty-four of the PD subjects met DSM-IV criteria for specific PD as follows:
The remaining 36 subjects were diagnosed as Personality Disorder-Not Otherwise Specified. These subjects met DSM-IV general criteria for PD, had pathological personality traits from a variety of PD categories, and had evidence of impaired psychosocial functioning (mean GAF score ¼ 60.9 ± 8.9).
Most PD subjects had a current history of Axis I disorder (75 of 100; mean ¼ 1.3 ± 1.0) and nearly all had a life history of Axis I disorder (89 of 100; mean ¼ 2.7 ± 1.7). Current Axis I disorders were as follows: Any Mood Disorder (n ¼ 35): Major Depression (n ¼ 9), Dysthymia (n ¼ 9), Depressive Disorder-NOS (n ¼ 11); Any Anxiety Disorder (n ¼ 13), ie, Phobic (n ¼ 9), and Non-Phobic (n ¼ 4) Anxiety Disorder; intermittent explosive disorder: IED by DSM-IV (n ¼ 25), IED-R (n ¼ 49), IED-IR (n ¼ 59). Lifetime Axis I disorders were as follows: Any Mood Disorder (n ¼ 62): Major Depression (n ¼ 33), Dysthymia (n ¼ 10), Depressive Disorder-NOS (n ¼ 28); Any Anxiety Disorder (n ¼ 20), ie, Phobic (n ¼ 14), and Non-Phobic (n ¼ 9) Anxiety Disorder; Substance Use Disorders (n ¼ 40):
Assessment of Aggression, Impulsivity, and Suicidal Behavior
Primary clinical and questionnaire measures of aggression included the Aggression scale of Life History of Aggression (LHA) and the Aggression scale of the BDHI (Buss and Durkee, 1957) , respectively. The LHA assessment was completed by a research psychiatrist after a semi-structured interview with the subject, and consideration of other available clinical data, as in previous studies (Coccaro et al, 1996d) . LHA aggression assesses the frequency of actual aggressive behavior over the lifetime. BDHI aggression assesses the tendency that someone acts aggressively. Primary assessments of impulsivity included the Barratt Impulsiveness Scale-Version 11 (BIS-11; Barratt, 1985) and the Impulsivity Scale from the Eysenck Personality Inventory (Eysenck and Eysenck, 1977) . BIS-11 and EPQImpulsivity are both self-report assessments of impulsiveness. These assessments were included because of the relevance of impulsiveness in 5-HT-mediated aggression (Linnoila et al, 1983) . Suicidal (and self-injurious) behavior was assessed in the context of the diagnostic assessments described above and was defined as in previous studies (Coccaro et al, 1989) .
General Preparation for Study
Only 31 of the 150 subjects (all were personality disordered subjects) had any lifetime history of exposure to psychotropic agents. No subject was taking any psychotropic agent for at least 2 weeks at the time of study. Subjects were instructed to follow a low-monoamine diet for at least 3 days before study. Subjects were also informed that initial and follow-up urine toxicology would be performed randomly just before study; illicit drug use was not detected in any subject reported herein. Females were all studied within the first 10 days of the follicular phase of the menstrual cycle.
d-Fenfluramine Challenge
Subjects reported to the Clinical Procedures Lab at approximately 0800 hours after an overnight fast. An i.v. was inserted in a forearm vein and kept open by normal saline at a slow drip. Basal blood samples for PRL were collected in an EDTA tube at 0945 hours and at 0955 hours. d-FEN (0.5 mg/kg body weight) was given orally at 1000 hours. Post-d-FEN blood samples for plasma PRL were collected in an EDTA tube every 30 min for up to 5 h (1500 hours). Samples for plasma levels of d-FEN and its metabolite, d-NorFEN, were collected in a potassium oxylate-coated tube at 1, 3, and 5 h after administration of d-FEN. All plasma samples were spun down immediately, separated, and then frozen at À20 1C until assay. PRL samples were assayed by RIA; intra-and inter-assay CV were 10 and 12%, repectively. Plasma levels of d-FEN and d-NorFEN were determined by gas chromatography with electrochemical detection (Krebs et al, 1984) ; intra-and inter-assay CV were o7%.
Statistical Analysis
The testing the statistical significance of differences between groups of subjects (eg, PD vs HV) on categorical variables was carried out by w responses between PD subjects without a history of suicide attempt and HV subjects would be accounted for by differences in composite aggression and/or composite impulsivity scores. Group comparisons among PD subjects meeting, or not meeting, the different criteria sets for IED were set at a two-tailed-a of 0.05. The a priori hypothesis was that the difference in DPRL[d-FEN]-R responses among IED and non-IED subjects would be greatest among PD subjects meeting IED by integrated research criteria.
RESULTS
Demographic, functional, and behavioral data for the PD and HV subjects are displayed in Table 1 . Although the two groups did not differ in the distribution of gender, race, or in socioeconomic class, they did differ in functional (PD with lower GAF) and behavioral (PD with higher aggression and impulsivity) variables as expected. The difference in age between the groups was statistically significant but relatively small in magnitude.
DPRL[d-FEN]-R Responses and Dimensional Measures of Aggression
Correlations between the variables among all subjects revealed a significant, inverse, relationship between DPRL[d-FEN]-R responses and composite aggression (r ¼ À0.34, n ¼ 133, po0.001); Figure 1 . Correlations among subjects by gender were also inverse and statistically significant (males: r ¼ À0.34, n ¼ 90, po0.001; females: r ¼ À0.41, n ¼ 43, p ¼ 0.006). Correlations among subjects by diagnostic group status were similar in direction but somewhat lower for PD subjects (r ¼ À0.28, n ¼ 88, p ¼ 0.011) and not statistically significant among HV subjects (r ¼ À0.17, n ¼ 45, p ¼ 0.273). Correlations among male and female PD subjects were similar but only reached statistical significance in male PD subjects (males: r ¼ À0.32, n ¼ 59, p ¼ 0.013 vs females: r ¼ À0.24, n ¼ 29, p ¼ 0.213), the difference in the correlations between male and female PD subjects was not significant.
DPRL[d-FEN]-R Responses and Dimensional Measures of Impulsivity
Correlations between the variables among all subjects also revealed a marginally statistically significant, inverse, and small relationship between DPRL[d-FEN]-R responses and composite impulsivity (r ¼ À0.19, n ¼ 115, po0.05). Compared with composite aggression, which accounted for Table 2 . Although the two groups did not differ in the distribution of gender, race, or in socioeconomic class, they did differ in functional (low GAF) and behavioral (high aggression and impulsivity) variables as expected. The difference in age between the groups was statistically significant but relatively small in magnitude.
Composite aggression scores were also higher in DSM-IV Borderline PD (effect size ¼ 0.98 SD; t 48.6 ¼ 5.19, po0.001) and in DSM-IV Antisocial PD subjects (effect size ¼ 0.92 SD; t 25.5 ¼ 4.55, po0.001) compared with PD subjects without these diagnoses. However, differences in DPRL [d-FEN] 
DISCUSSION
The results of this study confirm results of other studies displaying an inverse correlation between PRL responses to acute challenge with fenfluramine and psychometric measures of aggression (Coccaro and Siever, 2005) . In this study, DPRL[d-FEN]-R responses were inversely correlated with a composite measure of aggression composed of a life history of aggression (LHA-A) assessment and a personality assessment of aggression proneness (BDHI) both of which were highly correlated, but not completely overlapping in variance (ie, shared variance B50%). The absence of a similarly strong relationship with a composite measure of impulsivity (composed of BIS-11 and EPQ-2 impulsivity) was unexpected given data from some previous studies. Compared with composite impulsivity scores, composite aggression scores explained greater than three times the variance in DPRL[d-FEN]-R values composite impulsivity (11.8 vs 3.5% of the variance). As, after accounting for the effect of composite aggression scores, composite impulsivity scores added nothing more to the relationship with DPRL[d-FEN]-R responses, it is apparent that the variance represented by composite impulsivity, and shared with composite aggression (shared variance ¼ 44%), is what is reflected by the part of composite aggression that correlates uniquely with DPRL[d-FEN]-R responses. Accordingly, it may be appropriate to say that impulsivity describes the type of aggression associated with reduced 5-HT function rather than say that reduced 5-HT function is simply associated with both generalized impulsivity and generalized aggression It is notable that the inverse relationship between DPRL[d-FEN]-R responses and composite aggression was present in both males and females, examined separately regardless of diagnostic group. This suggests that the aggression/DPRL[d-FEN]-R response relationship runs across gender (r 2 ¼ 0.11 for all males vs 0.16 all females) and is not statistically different in magnitude between the genders. Similar inverse relationships were seen in PD and HV subjects, although they were only statistically significant in the PD subjects. Examining degrees of shared variance between the groups, the magnitude of the correlation was nearly 2.7-fold greater in the PD group compared with that in the HV group (r 2 ¼ 0.08 for PD vs 0.03 for HV), although not statistically significantly different than that of the PD group. Comparing this relationship in male and female PD subjects, the magnitude of the difference in the correlation between the genders (r 2 ¼ 0.10 for males vs 0.06 for females) was only about 1.7-fold greater in males than in females and not statistically significant. This suggests that the inverse relationship between composite aggression and DPRL[d-FEN]-R responses is greatest in PD males but, also, likely present in PD females at a lower magnitude. Given that females made up only about 33% of the PD sample, it is possible that the nonsignificance of the relationship in females was due to lower statistical power to detect the relationship at p ¼ 0.05 a-level.
An Lower DPRL[d-FEN]-R responses among PD, compared with HV, subjects was expected given that the PD subjects had LHA-aggression scores threefold higher, and BDHIaggression scores twofold higher, than that observed in the HV subjects. This was also expected because we have previously reported that PD subjects are more aggressive than HV subjects (Berman et al, 1998) . Adding composite aggression scores to the model, including diagnostic group and DPRL[d-FEN]-R responses, reduced the magnitude of the group difference by one-third and reduced the statistically significance of this difference from po0.001 to po0.05.
Given the inverse relationship between DPRL[d-FEN]-R responses and composite aggression, a critical question is if this relationship will also be reflected in lower PRL [d-FEN] -R values among diagnostic groups in which aggression is an important component. In this regard, the three most important diagnostic groups are IED, BPD, and Antisocial Personality Disorder (AsPD). In this study we found no significant difference in DPRL[d-FEN]-R responses as a function of BPD or AsPD. Given the relatively small numbers of these types of subjects (n ¼ 16-28), however, it is noteworthy that the effect size of these differences were relatively small at 0.15 SD (AsPD) to 0.20 SD (BPD).
With IED, group differences depended on the diagnostic criteria used. DSM-IV IED was not associated with a significant difference in DPRL [d-FEN] -R responses and demonstrated only a small effect size (0.10 SD). Using IED-R research criteria (which requires the presence of frequent, if not always severe, impulsive aggressive outbursts (eg, two per week on average for at least 1 month) tripled the size of the difference between groups (effect size ¼ 0.31 SD), although this was still not statistically significant. Including PD subjects who met either DSM-IV or IED-R research criteria (ie, integrated research criteria: IED-IR), however, quadrupled the size of this difference (effect size ¼ 0.41) and was statistically significant. Close examination of these data (Figure 3) suggests that it is important to include both types of IED diagnoses (ie, in to an integrated diagnostic model: IED-IR), so that aggressive individuals are not incorrectly placed in the 'non-aggressive' category (artificially reducing mean PRL [d-FEN] -R responses in this group). This finding is similar to that reported previously by New et al (2004) , using IED-R criteria in a large study of personality disordered subjects involved in a study using d,l-FEN as the 5-HT challenge probe. Accordingly, these data extend, and replicate, previously reported findings in demonstrating an inverse relationship between 5-HT and a clinically relevant form of aggression as expressed by the research diagnostic criteria sets for IED.
Intermittent explosive disorder is a disorder of aggression, typically impulsive in nature, not better accounted for by other psychiatric/medical conditions or by pharmacologically induced behavioral states. In recent epidemiologic studies, IED has a lifetime prevalence of about 3-7% depending on the study and the specific diagnostic criteria used (Coccaro et al, 2004; Kessler et al, 2006) . Although subjects who met IED by any of the three criteria sets, compared with corresponding non-IED subjects, demon- Aggression, suicidality, and IED: 5-HT correlates EF Coccaro et al intensity, aggressive episodes. Such episodes are allowed in the diagnostic set only if they involve clinically significant verbal aggression and non-destructive aggression against objects (ie, episodes that are associated with subjective distress and/or impairment of occupational or psychosocial function).
The observation that inclusion of verbal and nonassaultive aggressive episodes, as a diagnostic criteria for IED, is associated with a reduction in DPRL [d-FEN] -R responses appears to support the validity of including these kinds of aggressive episodes in the next iteration of the diagnostic criteria for IED in DSM-V. Data from other studies also support the validity of IED-IR (and IED-R) criteria in regard to the inclusion of verbal and non-assaultive aggressive episodes. First, IED subjects with verbal aggression, alone, do not differ from other IED subjects in a validated behavioral aggression task (McCloskey et al, 2008a) . Second, neuroimaging studies using IED-R criteria have reported, compared with controls, abnormalities in 5-HT activation in the frontal cortex (Siever et al, 1999) and in the anterior cingulate cortex (New et al, 2002) and have reported reduced numbers of neuronal 5-HTT-binding sites in the anterior cingulate cortex, and possibly other areas as well (Frankle et al, 2005) . In addition, an fMRI study of emotional information processing in IED-IR subjects reported enhanced amygdala activation, compared with controls, specifically, in response to exposure to angry faces. Third, treatment with fluoxetine (Coccaro et al, 2009) These data extend those of other studies, as well, by using d-FEN as the 5-HT challenge probe. Most studies have involved d,l-FEN, which contains equal quantities of its d-and l-isomers. Animal studies suggest different properties and potencies, within serotonergic and dopaminergic systems with regard to these two isomers. Specifically, the d-isomer is more potent at 5-HT release and uptake inhibition compared with the l-isomer (Invernizzi et al, 1986) . In addition, the l-isomer has clear effects on the central dopaminergic system as evidenced by its ability to increase brain levels of homovanillic acid (HVA), a major metabolite of dopamine (DA) (Crunelli et al, 1980) . Although the specific mechanism of l-FEN's effect on brain HVA is not clear, some investigators suggest that l-FEN exerts a 'neuroleptic-like' action on DA receptors (Garattini et al, 1988) . Such an action would appear to compromise the ability of FEN to assess central 5-HT system function, particularly where the PRL response to FEN is used as the primary outcome variable. This is because DA exerts a powerful inhibitory influence on the pituitary lactotroph (Ben-Jonathan et al, 1989) . Accordingly, PRL responses to d,l-FEN could be due to both the enhancement in 5-HT function and the inhibition of the tuberoinfundibular DA system, which directly regulates PRL secretion. At least one study in human subjects suggests that l-FEN (as part of the d,l-formulation) is associated with an inhibition of the tuberoinfundibular DA system. This study (Mitchell and Smythe, 1991) reported that 60 mg of d,l-FEN was associated with a robust increase in plasma levels of HVA. This increase in plasma HVA was temporally correlated with the PRL response to d,l-FEN and was linearly correlated with the maximal PRL response to d,l-FEN challenge. These data were interpreted as evidence that the PRL response to d,l-FEN represented, at best, a mixed signal reflecting central 5-HT and tuberoinfundibular DA system function. Notably, we have shown that this effect on plasma HVA is not present when using d-FEN in human subjects (Coccaro et al, 1996b) . Accordingly, the present findings should reflect the responsivity of the central 5-HT system, particularly in the limbic hypothalamus.
The (Coccaro et al, 1998b) and suggest that the PRL [d-FEN] response is largely reflecting 5-HT that has been newly synthesized (eg, that typically prepared for release on neuronal impulse). Second, PRL [d-FEN] responses appear to reflect activation of 5-HT-2c, but not 5-HT-1a or 5-HT-3, receptors. PRL [d-FEN] responses can be completely abolished both in rats (Di Renzo et al, 1989) and humans (Goodall et al, 1993) by ritanserin, and in humans by the 5-HT-2a/2c antagonist, amesergide (Coccaro et al, 1996c) . Given the absence of effect of 5-HT-1a (pindolol; Park and Cowen, 1995), 5-HT-2a (amperozide; Albinsson et al, 1994) , and 5-HT-3 (ondansetron; Coccaro et al, 1996a) antagonists on PRL [d-FEN] responses, it is likely that the PRL [d-FEN] responses are largely due to activation of 5-HT-2c post-synaptic receptors in the limbic hypothalamus with 5-HT that has been newly synthesized.
In summary, physiologic responses to central 5-HT stimulation with d-FEN are reduced as a function of aggression (but not generalized impulsivity) in human subjects. The same is true for PD subjects with a history of suicidal, but not self-injurious, behavior and for subjects with a diagnosis of IED by research criteria. On the basis of our knowledge of the neuropsychopharmacology of d-FEN, central 5-HT deficits in impulsive aggressive individuals are likely due to abnormalities involving 5-HT-2c post-synaptic receptors in the limbic hypothalamus (Coccaro et al, 1996c) . These data also suggest that the word impulsive, in the term impulsive aggression, describes the form of aggression (ie, as impulsive in nature) associated with central 5-HT deficits demonstrated by a reduction in DPRL[d-FEN]-R responses and not impulsivity in general. In addition, these data suggest that categorical definitions of impulsive aggression should include frequent, although low intensity, episodes of impulsive aggression (ie, verbal and non-destructive physical impulsive aggression) and include subjects with comorbid BPD/AsPD PDs if they also meet the remaining criteria for IED.
